A new method to assess language comprehension in infants and young children is introduced in three experiments which test separately for the comprehension of nouns, verbs, and word order. This method requires a minimum of motor movement, no speech production, and relies on the differential visual fixation of two simultaneously presented video events accompanied by a single linguistic stimulus. The linguistic stimulus matches only one of the video events. In all three experiments patterns of visual fixation favour the screen which matches the linguistic stimulus. This new method may provide insight into the child's emerging linguistic capabilities and help resolve longstanding controversies concerning language production versus language comprehension.
INTRODUCTION
Parents in Western culture ojten report that children understand more language than they can produce. Yet, experiments designed to investigate the temporal relationships between the comprehension and production of linguistic forms have produced conflicting results (e.g. de Villiers & de Villiers 1973 , Chapman 1977 ; sometimes language comprehension appears to be in advance of language production (Fraser, Bellugi & Brown 1963 ) and sometimes the reverse relationship is reported (Chapman 1977) . These discrepant findings are the result of a number of factors including the domain of inquiry (lexical, morphological or syntactic), the tasks used to assess language comprehension (object manipulation, requests for action, picture point, or signal detection) and the age of the subjects. Because the children studied are often less than 2;o, and because the tasks used require them to engage in action, most language comprehension methods tend to assess young children's spirit of cooperation as well as their linguistic sophistication (Shipley, Smith & Gleitman 1969 , de Villiers & de Villiers 1973 , Shatz 1978 , Bloom & Lahey 1978 .
In this paper, we address problems in the assessment of lexical and grammatical development by introducing a new method for studying language comprehension. This method has the potential of sharpening our view of the language acquisition process by revealing the child's linguistic competencies through the route of comprehension.
The conviction that language comprehension will provide an alternative view of the language acquisition process is based on findings that comprehension assessments have yielded earlier and sometimes different capabilities than language production (e.g. Bloom & Lahey 1978, Straight (in press) ). In the lexical domain, for example, many have found that comprehension exceeds production (Nelson 1973 , Goldin-Meadow, Seligman & Gelman 1976 , Benedict 1979 . Although children may produce words that they do not comprehend (e.g. Nelson & Bonvillan 1978) , the vast majority of investigations have now demonstrated that lexical comprehension is in advance of production and that more nouns are comprehended than are verbs (Gentner 1982) .
The relationship between comprehension and production is less well understood in the grammatical domain. Little evidence exists that one-and two-word speakers understand more grammar than they can produce. Research has been conducted primarily with active reversible sentences like boy pushes girl versus girl pushes boy, to ensure that children are using only word order, and not extralinguistic knowledge, to demonstrate sentence comprehension. While some early studies suggested that comprehension of word order occurred at the same time or before language production, later work contends that children cannot understand such sentences until they can 24 LEXICAL AND SYNTACTIC COMPREHENSION produce them (Chapman & Miller 1975 , Bloom & Lahey 1978 , Gleitman & Wanner 1982 .
The vast majority of the literature now endorses the position that word order comprehension occurs simultaneously with or after production of word order, despite some evidence to the contrary (e.g. Huttenlocher 1974 , Golinkoff & Markessini 1980 , Roberts 1983 . This conclusion appears to have merit until one focuses more closely on the assessment tasks used to develop this position. Several procedures have dominated language comprehension assessment in the lexical and grammatical domains: (1) enactment tasks (e.g. Make the boy hit the girl); (2) action directives (e.g. Bring me the doll); (3) pointing at pictures (e.g. Where's the doll?); and (4) diary studies. Each of these procedures has severe drawbacks, as will be discussed in turn below. These drawbacks may prevent us from accurately assessing the child's linguistic knowledge (see Leonard 1983 for a related discussion).
First, many studies have used comprehension tasks that required children to use objects to 'act out' events. It is well known, however, that children have a tendency to act when surrounded by objects. Their predisposition to ' act like x' may override the instruction to ' act like y' even if the information in the instruction has been completely understood. This problem with ' acting out' procedures was explicitly acknowledged in a number of studies (see, for example, Shipley, Smith & Gleitman 1969 or de Villiers & de Villiers 1973 and this bias to act gains empirical support from Shatz (1978) . Alternatively, young children may refuse to act on command. Consequently, a failure to respond or a biased response cannot be taken as evidence of noncomprehension just as null results cannot be interpreted to support a hypothesis. Results from tests that rely on object manipulation or other forms of child action may well be underestimating children's linguistic sophistication. This problem plagues studies which compare noun and verb comprehension; while it is sufficient for subjects to simply SELECT a referent corresponding to a noun, the subject must carry out an action to demonstrate comprehension of a verb.
Secondly, the task of pointing to one of two or more pictures introduces an entirely different set of measurement problems, in addition to the problem discussed above of requiring the action of pointing. Pictorial displays may fail to provide subjects with sufficient incentive to perform, and may fail to make sought-after distinctions salient. The latter is a major problem in trying to test for the comprehension of active intransitive verbs involving movement (such as jump), terms which encode spatial and temporal relations (such as on top of and before) and transitive verbs which involve more than one individual acting (such as tickle). For example, a picture that attempts to depict John tickling Mary may approximate the relation, Mary tickling John. In static displays such relations are ambiguous. Further, studies by Friedman & Stevenson (1975) and Cocking & McHale (1981) have shown that young 25 children do not understand conventions such as curved lines around joints which cartoonists use to indicate that movement is taking place. Even the most effectively-drawn pictures only ambiguously represent the dynamic events they were designed to capture. Consequently, picture pointing offers only a weak test of noun comprehension and an even weaker test of verb comprehension and word order comprehension.
Finally, there are problems associated with relying on diary studies as indices of language comprehension. Diaries may tend to overestimate a child's comprehension ability because they are the product of the child's interactions with language and the redundant environment at the same time.
Given these problems in the tasks used to assess language comprehension, it should come as no surprise that our view of comprehension is biased TOWARDS nouns, biased AGAINST an understanding of action terms, and biased AGAINST the relationships embedded in grammatical contructions. Furthermore, we do not yet know whether comprehension provides a scaffold for future language production or whether comprehension will provide an alternative account of the developing language system. In either case, it is imperative that new methods are developed that enable us to look at language comprehension independent of production in both the lexical and grammatical domains. It is possible that our view of comprehension is coloured by weaknesses in the available tasks. Perhaps a truer test of language comprehension will emerge when the field develops a controlled task that (i) does not require children to perform overt actions and (2) represents dynamic events in a more naturalistic way.
Two recently introduced paradigms make headway in this direction. Thomas, Campos, Shucard, Ransay & Shucard (1981) suggest that language comprehension can be studied through a signal detection procedure. Subjects are shown four toy objects that are placed at the corners of a rectangular apparatus. By age 1; 1 children will consistently gaze at an object longer when they hear an object's name than when they hear a nonsense word or a non-represented word. While this method holds promise since it does not require overt action, it needs to be validated on dynamic stimuli, such as those required to test for verbs. Huttenlocher, Smiley & Charney (1983) , on the other hand, have represented dynamic events but have required action from their subjects. Children must look at, point at, or stand next to one of two simultaneous film displays that each represents a different verb. While this method has great potential, it too is plagued with difficulties in its current form. First, it is not clear exactly what range of responses satisfied the criterion of making a choice. For example, how long did a child have to look at a film to be said to be making a choice of that film over its mate ? Secondly, the procedure as described lacks controls that check for side preferences, preferences for one or another verb, and 'Clever Hans' effects from the mother or the examiner.
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LEXICAL AND SYNTACTIC COMPREHENSION
The procedure to be introduced here combines the ability to display dynamic events as in Huttenlocher et al. (1983) with the requirement of only minimal response on the infant's part as in Thomas et al. (1981) . It is adapted from a paradigm developed by Spelke (1976 Spelke ( , 1979 which used filmed events to study infants' intermodal perception. An infant is seated midway between two film displays while a centrally placed auditory stimulus is presented. The auditory stimulus matches only one of the events. Our extension of the paradigm uses linguistic stimuli as the auditory stimulus and video events as the visual displays. Thus this research sought to determine if infants would show a consistent preference for the video event that was related to the linguistic stimulus. Such a preference would indicate that infants can comprehend the linguistic stimulus. It would further indicate that infants can use linguistic stimuli to discriminate between visual events.
In what follows, we demonstrate the utility of a new language comprehension paradigm. Three experiments are presented after a description of the method: the first investigates noun comprehension; the second focuses on verb comprehension; and the third experiment tests for the grammatical comprehension of reversible active sentences.
METHOD
The basic paradigm An infant is seated on the mother's lap and observes two simultaneously presented 17 in. video events on two side-by-side video monitors (see Fig. 1 ). Between the two monitors, which are separated by 12 in., an auditory speaker plays a message which matches only one of the video events. Infants are located two feet back from the centre of the two video displays. The infant's visual fixation to the two monitors is recorded by hidden observers.
The stimulus videotapes
Other language comprehension paradigms use pictures and objects as the test stimuli. Here, however, colour videotapes are used as stimulus displays. Videotapes permit the depiction of temporal and spatial relations and of verbs in a more direct way than pictures. Children can actually see an event carried out and need not make questionable inferences about what a static pictorial version of an action is meant to imply. The videotapes were made with a Newvicon 3150 camera filming against a white wall. The best take for any particular event (for example, the best depiction of washing or cookie) was exactly duplicated for the number of trials required by the particular experiment. Inter-trial intervals were then created by inserting a number of seconds of black tape. The specific number of trials and seconds of black varied across experiments. Each tape was prepared as one tape in a pair of tapes. Thus, tapes in a pair had the identical structure, down to the number 27 of frames per episode. This level of precision enabled the synchronous operation of tapes, such that neither tape began before the other in a pair and such that both tapes had an equal number of episodes of action per trial. The auditory stimuli were then dubbed onto one channel of the final version of the tapes. On the other channel, a i kHz tone was dubbed on at the beginning and end of trial segments to permit the computer to record trials. These tones were read by a tone decoder which interfaced with the computer.
Subjects
Names of potential subjects were obtained from birth announcements in the local newspaper. Subjects were solicited first by letter and then by phone. Subjects were neither paid nor rewarded in any other material way. When subjects' data were eliminated from consideration it was for one of four reasons: computer or equipment malfunction, experimenter error, subject fretfulness, and side preferences (defined as visual fixation time to one monitor in excess of 65 % of the total).
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Apparatus
The experimental set-up is shown in Fig. i . While the mother, infant and experimenter interacted in our play room, another experimenter synchronized the two videotapes in our testing room. Synchronization involved matching countdown numbers at the front of each tape. Tapes were shown on Sony VO-5600 and VP-5000 decks, the latter deck being specifically designed to keep the two decks working synchronously. An audio speaker placed midway between the two monitors played the auditory message which had been dubbed on to one of the video tapes and shunted to the central speaker. On top of the speaker was a ten watt white light which came on between trials to attract the infant's attention. The light was controlled by a 1 kHz tone decoder which interfaced between the computer and the tapes to permit the recording of trials. The decks, speaker, and power box for the light were all shielded from view with black material. An observer hidden behind the apparatus and below the central speaker, pressed hand held buttons for the duration of an infant's fixation to the left or right screen. Data from the button presses were collected by a PDP-11 computer. Reliability in this paradigm on 56 trials was r = 0-84.
Procedure
Subjects and their parents were first seen in our playroom by the experimenter for an average of 15 minutes. At this time, the parent filled out a brief language questionnaire, a language sample was gathered from the child, and the parent was given instructions. The parent (usually the mother) was told to place the child on the centre of her lap facing forward. She was asked to cradle her child in her arms but to neither move nor look at the screen. Since the mother was asked to close her eyes, events to be shown on the screen were described to the mother in a way the child could not understand. This was designed to keep the mother's behaviour from biasing the experiment. The mother was also asked not to talk to her child or to make any attempt to get the child to watch the monitors. Mothers were assured that whether their children watched or not we would gain much valuable information. After obtaining the human subjects release form, the experimenter invited mother and child to be seated in the testing room. The experimenter then turned on the presynchronized videotapes and sat behind the mother and child. During a trial, infants generally scanned back and forth across both monitors sampling the contents of both screens. Sometimes infants 'settled' on a screen and sometimes they continued to sample both screens. When the centre light came on in between trials, it directed the infant's attention back to the centre of the monitors. When the next trial started the sampling of both monitors began anew.
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Design
For all experiments the side (left or right) of the matching screen was counterbalanced across subjects by varying the placement of the tapes in the decks. The same number of matches occurred on each monitor.
Dependent variables
Depending upon the design of the particular experiment, two experimenters independently coded each trial for two general types of dependent variables: (1) latency to look at the screen containing the match versus latency to look at the screen with the non-match (measured in hundredths of seconds); and (2) total visual fixation time to the match and non-match (in hundredths of seconds). The latency measure was coded on the rationale that infants would look more rapidly (hence shorter latency) to the match than to the non-match. For example, if the infant looked at the non-match first, she should switch quickly to the matching screen, presumably in search of the match. If she looked at the match first, she should either stay on that side or view it longer before sampling the non-matching screen. Hence, latency to the matching screen should be shorter than latency to the non-matching screen. If a child never watched one of the monitors, the latency score entered for that trial would be equal to the total time the trial was available on the screen.
Since the audio began in the black between trials, trials were coded from the point at which the infant looked at the central white light for more than 0-3 sees. Trials where the infant did not return to the centre light for a minimum of 0-3 seconds and/or was already looking at a screen when a new trial began were excluded. Subjects across experiments saw an average of 11-4 trials out of 12 in Experiment I, 12 out of 12 trials in Experiment II, and 5-67 out of 6 in Experiment III. In the character identification segment in Experiment III, subjects saw 3-5 trials out of 4.
E X P E R I M E N T I
The purpose of this experiment was to see if infants would search for the screen which matched the auditory message in what seemed a priori to be the easiest case -that of nouns. For noun comprehension, one single, static object appeared on each screen. The nouns selected were likely to be in children's early receptive or productive vocabularies (Nelson 1973) . A highly typical referent was selected to represent each noun and referents were paired so that their names and visual configurations would be maximally discriminable.
Subjects
Six subjects of each sex (mean age = 1 ;4-5) were tested. Mothers reported that these children produced an average of 27 words.
Design
A schematic depiction of the videotapes and the audio match are presented in Table i . The audio of a female voice was first heard during three seconds of black tape before each presentation of a pair. Notice that the audio was presented prior to introduction of the video so that the language stimulus would motivate the infant's search for the match. The audio was then repeated as the pair of objects was presented, one on each screen for a trial length of eight sees. Each pair was presented for two consecutive trials. The side of the matching screen was left-right-right-left-left-right and its mirror image. 
Results
Two mixed analyses of variance were conducted on the two dependent variables of latency to look at the match versus non-match and visual fixation time to the match versus the non-match. Since each noun pair was assessed in two trials, the analyses used the mean for both trials on each measure. The between-subjects factor in the analyses was sex (two levels) and the withinsubjects factor was screen (match versus non-match).
In both analyses the only significant main effect was the screen variable, indicating that the match was watched longer and more quickly than the non-match, F(i, 10) = 8-93, P < 0-02 for visual fixation 1 and F(i, 10) = 4-12, P < 0068 for latency).
Since each noun pair was predicted a priori to differ on visual fixation to the match versus the non-match, planned comparisons were conducted on each pair. Table 2 gives the overall means and standard deviations as well as the means for the individual pairs. The difference between the match versus the non-match was significant for the first three noun pairs by t test (P < 0-05). That this finding is not a simple result of fatigue is demonstrated by comparing visual fixation time averaged ACROSS the match and the 'The match is in italics. Side of the match was counterbalanced across subjects.
[1] A question arose as to whether this result was an artefact of stimulus salience. To rule out this interpretation a control study was conducted. Four male and four female infants (mean age 115.9) received the same tapes with side of match counterbalanced and with the linguistic match to the opposite stimulus of a pair. For example, subjects heard Where's the bottle ? instead of Where's the dog ? A t test on mean visual fixation time indicated that the match was watched significantly more than the non-match even with the reversed linguistic stimulus (t = 3-23, P = 0-05).
non-match on the first three trials (mean = 3-10 sees.) and on the last three trials (mean = 2-70 sees.). The difference between these means is not significant by t test. Examination of individual subject data on the visual fixation measure revealed that nine out of twelve subjects had higher mean visual fixation scores to the match than to the non-match.
Discussion
Subjects indicated on the first three pairs of nouns that they could indeed use linguistic stimuli to motivate their search for the match of a visual event. In our attempt to adapt the Spelke paradigm for use with linguistic constructs, the outcome of Experiment 1 was critical. If infants capable of some noun production themselves, and most likely capable of even more extensive noun comprehension (Goldin-Meadow et al. 1976 , Benedict 1979 , could not find the match with a single static central referent for a noun on each screen, there would have been little hope that they could function in this paradigm with more dynamic events and more complex linguistic stimuli. Unfortunately, infants' performance did not remain at this high level on the last three noun pairs. This is attributable to infants' preference to continue watching the side on which prior matches have appeared. The order of matches on the first three trials was either left, right, right, or right, left, left. Note that the difference between the match and non-match on Trial 4 was almost zero. Although the means were in the predicted direction, on the subsequent trials infants seem to continue to try to apply their stay-with-the-winning-side strategy and this somehow competes with the language stimulus directing their gaze to the opposite screen.
Nonetheless, the results on the first three noun pairs demonstrate that the method can be employed with linguistic stimuli -even linguistic stimuli where the target noun was embedded in carrier phrases such as Where's the X? Although this added complexity was included in an attempt to make our stimuli as natural as possible as well as to motivate the infant's search, it could have been the case that this added complexity would have interfered with the infant's ability to search for the match. This was not the case and infants responded readily within this paradigm. On the other hand, the nature of the discrimination in this paradigm does not guarantee that the infant knew the names for both referents in a pair. For example, if infants recognized the visual representations of a cookie and a sock but only knew the word sock, they might look at the cookie only because they knew that the sock was not called cookie. Thus this paradigm can result in correct choices on trials where both nouns are not in the infant's vocabulary.
Nonetheless, the caveat above does not detract from this study's main outcome. Results of Experiment I indicated that infants would search between two referents for the match for a linguistic stimulus. Would infants be further capable of searching for the match when dynamic events were used 2 33 JCL 14
with more complex linguistic stimuli? Experiment II addressed this question by probing for the comprehension of verbs by using action events as visual stimuli.
EXPERIMENT II
Although noun comprehension has been studied extensively in the developmental psycholinguistic literature, verbs and verb comprehension have received relatively less attention (see Bloom (1978) for a discussion and Huttenlocher et al. (1983) for a discussion of verb comprehension). This may be because nouns appear to predominate universally in early language production (Gentner 1982) Benedict (1979) working with infants from o;io-2;o reports evidence for 'action words' exceeding nouns in comprehension until children have 50 word comprehension vocabularies at about 1; o. However ' action words' is a broad category ranging from the production of animal sounds to actual verbs such as read. Also included in 'action words' are 'social action games' which, although they use some of the verbs tested here (e.g. BLOW your nose; EAT the cookie) may be of limited generality outside a particular routine. This study used a total of 12 verbs: six intransitive (dance, wave, turn, run, jump, clap) and six transitive (drink, blow, push, bounce, read, eat) . Of the transitive verbs, blow, bounce and eat also have an intransitive sense but were used here with artefacts and thus in the transitive sense. On the videotape, verbs were paired within category.
Subjects
The 12 infants in this study (six male and six female; mean age = 1 ',4.5) had an average of 14 words in their production vocabularies, according to maternal report. No child produced any verbs during the experimental session. Furthermore, mothers did not report any verbs in our language questionnaire. The goal of Experiment II was to see whether infants would search for the match in this paradigm when the events were dynamic and the linguistic stimuli were verbs -even though these same verbs did not appear to be in their production vocabularies. Design Two videotapes were made with the same actress portraying each action. A schematic of the videotapes and the audio match is presented in Table 3 . The auditory stimulus of a female voice was heard during six seconds of black tape before each new pair. The voice labelled each action and asked the subject to find one of the actions. Then the pair of actions was presented, one on each screen, and the request to find one of the actions repeated. The request to look at one action was repeated in the three seconds of black between the first and second presentation of a pair and then again when the pair came on. As before, a light between the monitors brought the infant's attention back to the centre between the two monitors. The rest of the methodology was identical to Experiment I.
Results
Two mixed analyses of variance were conducted on the two dependent variables of latency to look at the match versus non-match and visual fixation time to the match versus the non-match. Since each verb pair was assessed in two trials, the analyses used the mean for both trials on each measure. The between-subjects factor in the analyses was sex (two levels), and the withinsubjects factor was screen (match versus non-match). In both analyses there was a significant main effect for screen indicating that the match was watched longer and more quickly than the non-match F(i, 10) = 4163, P < 001 for visual fixation 2 and F(i, 10) = 468, P = 0054 for latency.
Since each verb pair was predicted to differ on latency and visual fixation to the match and non-match a priori, planned comparisons were conducted. Planned comparisons (t tests) on each verb pair on the latency measure indicated that only the difference between the match and non-match on the fifth pair (eat and read) reached significance. Planned comparisons conducted on the visual fixation data resulted in the second pair {dance and wave), the third pair (push and bounce) and the fifth pair (eat and read) reaching significance. Inspection of the means on Table 2 indicates that the fourth and sixth trials on both measures had means counter to prediction. As in Experiment I, this is attributable to these trials being 'switch' trials when the screen side of the match changed.
The visual fixation analysis contained a significant sex by screen interaction, F(i, 10) = 2-85, P < 0-05. Although both sexes watched the match more than the non-match, the magnitude of this difference was greater for the boys than for the girls. The means for the boys were 4-44 to the match and 2-60 to the non-match; for the girls, the means were 3-75 to the match and 2-97 to the non-match.
Examination of individual subject's data on the visual fixation measure indicated that 11 out of 12 subjects had higher mean scores to the match than to the non-match.
Discussion
Results indicated that even with dynamic stimuli and verbs instead of static referents and nouns, subjects looked to the match significantly more than to the non-match. Although the same caveat about discrimination applies here as in Experiment I (that is, the labels for both actions in a pair may not be known by the infant), subjects' ability to match linguistic stimuli and
[2] A control study (N = 8, mean age = 1; 5.1), run to rule out the artefact of stimulus salience (see footnote 1), indicated that the match was watched significantly more than the nonmatch, even with the match now to the opposite member of a pair (t = 5-49, P < o-oi).
dynamic events offers us a most promising vehicle for the exploration of verb categories. Unfortunately as in Experiment I some subjects equivocate between staying on the 'winning' side and responding to the linguistic stimuli on the fourth or 'switch' trial. In this experiment they recover on trial 5, only to decline again on the next switch trial, trial 6.
Verbs are crucially important to the learning of grammar or as Bloom (1978; 1-2) has written: 'as important as nouns are,...there has been the repeated finding that the verb is the real hero in determining what children learn about language structure... verbs... reflect conceptual development (and) the semantics of the verbs that children learn have a mediating effect on language learning'. Since infants demonstrated their ability to distinguish nouns in Experiment I and verbs in Experiment II, the next question was whether they were able to comprehend syntax in this paradigm. This was the purpose of Experiment III.
E X P E R I M E N T I I I
A number of studies (e.g. Strohner & Nelson 1974 , Bates et al. 1984 have reported that English-speaking children around the age of 2;o, capable of producing two-word utterances themselves, use word order to interpret sentences. A number of other studies, however, argue that when all contextual and semantic cues are removed, children are considerably older before they can demonstrate comprehension of word order (Chapman & Kohn 1978 , Lempert 1978 . It is conceivable that the resolution of this issue awaits a methodology which can: (a) remove all other cues; (b) depict dynamic relations clearly; and (c) require only a minimal response from young subjects. Since our method fulfilled these criteria, the present experiment was designed to test for word order comprehension. The prediction was that, given the results of Experiments I and 11, this paradigm would prove sensitive for examining grammatical concepts such as word order. This should occur despite the fact that the visual displays and auditory messages in Experiment III are significantly more complex than those used in the other two experiments.
Subjects
Twelve male and 12 female subjects (mean age = 2; 4) were tested. Since this study was designed to demonstrate the utility of the new paradigm, only subjects likely to be able to comprehend word order, i.e. those who produced two-and three-word sentences, were accepted as subjects. The mean of the single longest utterance of subjects during their lab visit was 4-21 (Brown 1973) . Mothers assured us that the three subjects who did not say anything were using generative word combinations more than 75 % of the time.
Stimulus videotapes
First, each screen contained an agent, an action and a recipient of the action. Both the agent and recipient moved continuously throughout an episode so that subjects could not rely on movement as a cue to finding the agent. The verbs feed and tickle were used. Secondly, prior to the test trials subjects saw the episodes without accompanying sound. This permitted them to study the episodes before they were asked to find the match. Finally, the number of times an action occurred during an episode, e.g. the number of times the agent offered the spoon to the recipient during FEEDING, was the same on each tape and occurred at approximately the same time on each tape. Table 4 shows the layout of the tapes. There were four test trials where the subject was asked to locate the referents for the proper nouns Cookie Monster and Big Bird to demonstrate that he or she could perform in the paradigm. All subjects heard Big Bird being requested first for two trials, and then Cookie Monster for two trials.
Design
Four alternating silent trials (two on the left screen and two on the right) and one pair of test events without the linguistic stimulus were shown before the six word order test trials.
These silent trials served two purposes. First, they permitted the child to inspect these complex events visually before the linguistic stimulus was introduced. Secondly, by coding visual fixation during the pair of events without the accompanying linguistic stimulus we obtained a measure of stimulus salience. In order for the test data to be interpreted unequivocally, neither member of a pair should receive significantly more attention before the linguistic stimulus was introduced.
When the linguistic stimulus began, the match was to Cookie Monster as agent on the first three trials and to Big Bird as agent on the last three trials. Tapes were shown in a between-subjects design with half the subjects seeing the character identification and feed tape and half seeing the character identification and tickle tape. The dependent variables were calculated on the mean of the first three test trials and the mean of the last three test trials. 
Procedure
Given the complexity of these stimuli, additional training to find the match was given in the form of a puppet show above the monitors. Subjects were requested to find either Cookie Monster or Big Bird who were hiding behind the monitors. Reinforcement for looks toward the correct monitor was given verbally and by having the hidden puppet pop up. After the puppets, the experimenter turned on the videotapes and for four trials continued to reinforce the subject for points or looks in the direction of the character requested by the auditory stimulus. The experimenter then stopped both tapes with a remote switch and told subjects to begin to play the same game alone. The experimenter sat behind the subject and restarted the tapes.
The character identification segment. Since the 12 children in each of the verb conditions {tickle and feed) each saw the four trial character identification segment, the data from the 24 subjects were pooled. A three-way analysis of variance with the between-subjects factors of sex (two levels), verb {feed versus tickle) and the within-subjects factor of screen (match versus nonmatch), was conducted on the dependent variable of visual fixation time. Only the screen factor was significant, F(i,2o) = 6-95, P < 005, indicating that subjects spent significantly more time looking at the match (that is, the character being requested by the audio), than at the non-match. An analysis of the latency to look at the screen with the match versus the screen with the non-match was also significant, F(i,2o) = 17-25, P < 005. Subjects looked more rapidly to the match (mean = 198 sees) than to the non-match (mean = 3-03 sees). If children in either verb group had been unable to identify Big Bird and Cookie Monster in the paradigm, it would have been unlikely that they could have performed above chance in the word order test. As both analyses indicated, however, subjects could find each of the characters.
Word order comprehension. Before analysing data from the test trials an analysis was run on the pair of silent events which preceded the test trial. Mean visual fixation to the event (across both tapes) where Big Bird was the agent was 241 sees; to the event where Cookie Monster was the agent mean visual fixation time was 250 sees (t = P < 005). Thus stimulus salience may be ruled out as an explanation for any findings. Total visual fixation time to the match versus the non-match was analysed in a (2) (verb -tickle vs. feed) by (2) (sex -male vs. female) by (2) (order -side of first match -left vs. right) by (2) (screen -match vs. non-match) by (2) (block -first three trials vs. last three trials) mixed analysis of variance. Screen and block were within-subjects variables. The variable 'block' was included in the analysis in the event that infants developed a preference for the 'winning' side as they had in the other two experiments. Note that the side of the match switched on the second block of trials. Also, unlike in the prior two studies, where a change in the audio was accompanied by a change in the video, the video remained the same through the six test trials, possibly predisposing infants to stay with the 'winning' video. The change in audio was also embedded in a sentence, perhaps making it more difficult to detect.
The analysis revealed a main effect of screen, F(i, 16) = 7-24, P < 0-05, which indicated that across both blocks of trials the match received significantly more visual fixation than the non-match (see Table 5 ). However, a borderline block by screen interaction, F(i, 16) = 3-53, P < 0-08, resulted. In fact, as Table 5 indicates, the significant main effect appears to be attributable to Block 1 only (mean = 302 for the match; mean = 2-73 for the non-match). The means for Block 2 are in the opposite direction (mean = 3-02 for the match; mean = 3-40 for the non-match) indicating that most subjects did not switch to the match when the audio changed in the second block. The same pattern occurs in a parallel analysis of variance of the latency data. A main effect of screen emerged, F( 1, 16) = 4-59, P < 0-05, as did a significant screen by block interaction, F(i, 16) = 8-13, P<o-O5. Inspection of the means in both blocks indicated that the main effect of screen was again carried by Block 1. In Block 2 subjects stayed with the 'winning' side as evidenced in the latency data. However some sensitivity to the linguistic stimulus is evidenced by the relative equivalence of visual fixation time to the matching and non-matching screens. If subjects' initial response on a trial is to look at the winning side, it makes sense that latency (a product of only the first look to a screen in a trial) and NOT visual fixation (a product of the entire trial) would be in favour of the non-matching screen.
Overall, the pattern from analyses with both dependent variables are the same. Subjects' responses indicate that they can indeed demonstrate their comprehension of word order in this new paradigm. Data from individual subjects confirm this interpretation. In Block i, 19 of 24 subjects watched the match more than the non-match. This ratio declines to 11 out of 24 subjects for Block 2.
Discussion
In this novel paradigm, subjects' responses in the first block of trials indicated that they were indeed using the order of mention of the two nouns to decide which screen was the match. Subjects could not have used artefactual information as the basis for their responses for the following reasons: (1) Both tapes contained both characters; (2) Both characters moved continuously in both tapes; and (3) The progression of the action and the action sequences in both tapes was identical. The only information subjects had to motivate their search for the match was the relative positions of the two nouns in the sentence.
In English, the first noun mentioned is ordinarily sentence subject and agent when a transitive verb is used. As prior research has shown (e.g. Bates, et al. 1984) English-speaking children rely on word order above other cues to sentence interpretation such as animacy (Chapman & Kohn 1978) . Thus our findings replicate those findings in the literature which indicate that children producing at least two word utterances are sensitive to word order in computing interpretations of sentence meaning.
CONCLUSIONS
The field of language acquisition is in need of a paradigm to assess language comprehension in a way that does not require children to perform overt action and that can represent dynamic events. The paradigm presented in this paper meets these criteria. Through the use of precisely replicated videotaped events, a centrally placed auditory stimulus, and minimal response requirements, preverbal infants are able to demonstrate their sensitivity to a range of linguistic stimuli.
Theoretically, this method may still be conservative in permitting false negatives since the child could choose not to obey the linguistic command or could choose not to favour the match over the non-match. For example, a child who is 'instructed' to Look for the dog\ may choose to look at the non-match (bottle) to playfully create discrepancy with the linguistic stimulus. However, our data suggest that subjects are motivated to participate in this task because they watched over 95 % of the trials in all experiments. Furthermore, they significantly favoured the match over the non-match. Thus this method may offer an advancement over existing measures of language comprehension. 42
In the first experiment, infants were presented with static video displays of the referents of 12 nouns common to young children's early vocabularies. Results indicated that infants were indeed capable of demonstrating noun comprehension. In the second experiment, dynamic stimuli were used in the form of an actor portraying the actions of 12 common verbs. Although infants were apparently not producing any verbs, they demonstrated their ability to comprehend verbs in this paradigm. In the third experiment, designed to assess children's comprehension of word order, dynamic stimuli involving two actors, both of whom moved, were accompanied by complex, full sentence stimuli. The only information available to children for guiding screen preference was the order of mention of the nouns in these agentaction-recipient sentences. Despite the complexity of the auditory and visual stimuli, infants demonstrated their comprehension of word order in this paradigm.
Two problems emerged in the present studies, both of which have been addressed in our subsequent work (Hirsh-Pasek, Golinkoff, Beaubien, Fletcher & Cauley 1985) . First, the child's comprehension in these tasks was not compared against any other formal measure of language comprehension. Hirsh-Pasek et al. used Rescorla's (1985) detailed maternal comprehension check-list to assess comprehension independently. The linguistic capabilities demonstrated in that experiment suggest that comprehension assessed within our paradigm far exceeds that reported by mothers. Secondly, a persistent problem in all three studies was the infants' apparent inability to change their screen preference when the auditory stimulus changed. Infants seemed to detect the pattern in the side the match appeared on and to adopt a side strategy to look first to that side which 'won' on the prior trial. They did not, however, simply look at that side to the total neglect of the auditory stimulus. The visual fixation data which reflect looking time across the entire trial suggest that infants sample both screens equally on these trials. This problem has been addressed in subsequent work (Hirsh-Pasek et al.) through the use of intervening trials designed to cause interference in the infants' memory of the 'correct' side.
The paradigm represents an extension of the Spelke paradigm into a new realm. It is among the first to demonstrate that infants will use symbolic stimuli to guide their search for a matching event. In Spelke's research, among others, subjects search for the match because the auditory and visual stimuli share some invariant perceptual property. For example, a sad face might be expected to produce a sad voice (Walker 1982) or a jumping animal might be expected to produce a sound on impact (Spelke 1979) . The same cannot be said of the relation between linguistic stimuli and their referents. Symbolic stimuli and their referents are only related by social convention, and, certainly at the sentence level, require knowledge of a rule system to comprehend. The successful extension of the Spelke paradigm for use with linguistic stimuli indicates that infants can base their search for invariants in this task on higher order dimensions.
In sum, infants appear to demonstrate in all three studies that they can use linguistic stimuli to guide their search for the match in this paradigm. Given the myriad problems associated with the assessment of young children's linguistic competencies, this method appears to provide more ready access to the child's thinking than methods which rely on more elaborate motor performances and subjects' willingness to cooperate. With the modification of the paradigm to avoid subjects remaining with the 'winning' side (Hirsh-Pasek et al. 1985 ) this method's minimal requirements seem especially suited to this difficult age group. The status of the relationship between the comprehension and production of linguistic forms can now be re-examined in light of the potential of this paradigm.
